ABSTRACT Two hundred and seventy-one men seen in 1963, who worked in a pulp and a paper mill, were followed up ten years later, in 1973. Death certificates were obtained for those who died. There did not appear to be any increased mortality in the group, nor was there any increased specific cause of death. A morbidity study of 200 men seen at both times did not show any differences in respiratory symptoms or prevalence of chronic non-specific respiratory disease. Analysis of pulmonary function showed little, if any, difference between groups. Analysis of retired, deceased, and still-working categories did suggest that exposures to Cl2 or SO2 might have a slight adverse effect on pulmonary function.
In 1963 we made a cross-sectional study on a group of men who had been working in a pulp and a paper mill in Berlin, New Hampshire, USA (Ferris et al., 1967) . Our purpose at that time was to see whether the exposure at work had an effect on chronic non-specific respiratory disease or pulmonary function. That study showed that the workers had less chronic non-specific respiratory disease than the general population, but the older men who had been exposed to chlorine and who were cigarette smokers had slightly lower expiratory flow rates at 50, 25, and 12-5 % of vital capacity than the men who had not been exposed to chlorine.
In 1973 we restudied that cohort to determine whether they had a higher mortality than expected, or had developed respiratory disease.
Methods

PLANT PROCESSES
The pulp mill complex contained two chemical pulp mills-one a Kraft mill and the second a sulphite mill and, in addition, a chlorine plant. The sulphite mill and chlorine vlant were phased out after 1963, and the Kraft process increased. In both mills, wood chips are introduced into large *Supported in part by Grants ES 00002 and ES 00868 from the US Public Health Service Received for publication 31 March 1978 Accepted for publication 16 May 1978 digesters or batch pressure cookers. Cooking liquor is added and the batch is cooked under raised temperature and pressure. The cooking liquor in the Kraft process contains sodium sulphide, hydroxide, sulphite, and carbonate. In the sulphite phase the digester load is dropped or blown into pits. The cooking liquor is drained for recovery and re-use and the pulp undergoes final processing. The two processes result in exposure of personnel to sulphur dioxide, hydrogen sulphide, and some organic sulphides including mercaptans.
In the final processing, the pulp is washed and bleached. The first stage of bleaching is carried out with chlorine or chlorine dioxide. This plant formerly manufactured its own chlorine.
In paper-making the pulp is resuspended in water and various additives and fillers are added to the mixture which is blended together. The type of additives and filler varies with the type of paper product to be manufactured. The slurry of the mixture is then poured out on a moving screen that allows the water to drain off, leaving behind a mat of the blend which is then run around steam-heated colanders to dry it into the paper product. Exposures to the workers during usual paper-making are minimal. (Ferris et al., 1967 Table 2 ). The sulphite operation had been discontinued after 1963, but the Kraft process had been greatly expanded. The cell house or chemical plant where Cl2 was produced electrolytically had also been shut down, but the bleaching department using Cl2 or C102 had been expanded. Table 3 , Ferris et al., 1967. *Percentages in parentheses.
MORTALITY STUDY
The mortality rates by exposure category are given in Table 3 and are based on person-years at risk for this 10-year period, 1963-1973 . Rates for the S02-exposed group are slightly lower than for those exposed to Cl2 or paper, but are not significantly different, because of the small numbers involved. The expected number of deaths for each group was calculated from the contiguous US white male population (US Bureau of the Census, 1971), taking into account the age groups in each category. The observed number of deaths for chlorine and S02 workers does not differ markedly from the expected number, whereas that fo; the paper workers was greater than expected (SMR 1-62). None of these differences was significant.
Causes of death by exposure category are shown in Table 4 . No marked differences in specific causes of death are apparent between exposure categories. Cardiovascular diseases are most common, followed by various cancers. The proportionate mortality follows this pattern, with respiratory diseases in third place followed by suicides/accidents. This lack of differences is probably attributable to the relatively small numbers involved. Such a study should be replicated using larger populations, such as data from a number of companies or union records.
These results are consistent with those found in a mortality study of the general population (Ferris et al., 1971) , in which no excess mortality was noted for the community as a whole where this plant was the major source of employment. Figure 1 by tobacco usage and compared with similar data from the general population. There does not appear to be much difference within tobacco usage categories between workers in the pulp mill and the general population. There does appear to be an excess in the paper mill, however, especially for current mixed and pipe/cigar smokers.
A similar comparison using cigarettes smoked per day did not contribute additional information. It showed findings essentially similar to the results seen in 1963 (Ferris et al., 1967) in Table 8 , where the pulmonary function in 1963 and 1973 are expressed as per cent predicted and exposed to chlorine, Figure 3 , those exposed averaged for the group. The prediction formulae and Figure 4 , the results for paper workers. from the 1973 Berlin male population are included. is a decrease with age, which may be related Values are still within the predicted range. It should to a decrease in the height of persons born be pointed out that these values, both observed and earlier (a cohort effect). There is also some tendency for an increased change with age over the 10-yr period. This can also be seen in Table 7 and is similar to that reported by Fletcher et al. (1976) and Higgins et al. (1968) if the same group is followed over time. Some of the younger categories, as in the chlorine-and S02-exposed groups, showed improvement or no change over the 10 years. This may be attributable to the small numbers in these groups or to our not having encouraged such complete expiration in 1963, or, as is more likely, to the fact that younger subjects change less and random variation can occur, so that an apparent increase is possible. The improvement in the oldest age predicted, are based on the average of three readings, and will therefore be less than the highest reading. Because the percentage distribution by smoking categories was similar in the various groups, we have not corrected for this.
Similar analyses of the peak expiratory flow rates and the maximal expiratory flows at specific lung volumes did not provide additional information, Our earlier observation of a possible increase in smaller-airway disease, as shown by a greater concavity in men exposed to chlorine, could not be confirmed. This may be because of the small numbers in the older age groups, where this had been seen, or it may have reflected an acute response, as the men in 1963 were more heavily exposed than those exposed later. A further possibility is the variability of the measurement of flow-volume curves (Green et al., 1974) . In addition, some of the men who had been classified as chlorine-exposed were no longer exposed; 26 of the 48 seen in 1963 had retired.
The possible effect of reduced exposure has been examined by looking at the men who had retired to see whether their levels of pulmonary function differed from those still working or those who had died. Table 9 shows the mean FVC and FEV1.o by exposure categories for retired, deceased, and still-working groups. The prediction formulae were the same as in Table 8 . Those retired workers who had been exposed to Cl2 and S02 had slightly lower FVCs and FEVi.o than the retired paper workers. These values have large standard deviations and so are not statistically significant. In addition, the differences in 1963 and 1973 are virtually the same, so there may be a cohort effect specific within each group. The deceased group showed a somewhat similar pattern with considerably larger differences in the chlorine group. It is of interest that the paper group died at a younger age than the men exposed to Cl2 or S02. The men still working show a similar pattern to those who had retired, but tended to have larger FVC and FEV1.o probably because of the differences in ages.
We have also separated the retired workers into two groups-those who had retired less than two years before 1973 and those who had been retired for more than two years. The two groups showed no differences in pulmonary function.
Discussion and conclusions
The question might be raised concerning the use of the general population as a basis against which to measure an effect in the men working in the mill.
Certainly the general population is more likely to contain subjects who are ill or disabled than is the working population. It also probably contains some who are more sensitive to irritants than those in the working environment. On the other hand, the general population is exposed to the pervading ambient levels of pollution and climate and should therefore reflect any resulting changes more clearly than some other population. They would also tend to have a comparable ethnic mix, differences in which could influence results. It was our conclusion that comparison with the general population, particularly using the non-smoking sector as the basis, was probably a reasonable approach. It was also possible within the working populations to examine differences between the different exposure categories, so that this, in a sense, was another sort of 'control' although, as pointed out earlier (Ferris et al., 1967) , there had been some selfselection processes by the workers, so that those men remaining in the S02 or C12 group were probably more tolerant of their working atmospheres than those in the paper mill.
With the various limitations noted above, we conclude that the men in the C12 or S02 exposure categories did not suffer an increased mortality nor did there seem to be any increase in a particular specific cause of death. The pattern was consistent with that seen for the United States as a whole.
A 10-yr follow-up of 200 men with respect to respiratory symptoms and tests of pulmonary function showed no significant difference in the respiratory symptoms nor in the prevalence of chronic non-specific respiratory disease. The tests of pulmonary function (Table 9) suggest that chronic exposure to C12 and S02 may have a slight adverse effect on FVC and FEV1.o, compared with working in a paper mill. In the retired group, observed values were smaller than predicted, whereas no such differences were noted in those still working. In the deceased group the chlorine-exposed workers had lower observed than predicted values in 1963 whereas the values in the paper-worker group were actually higher than predicted. This could reflect an effect of earlier higher exposure to chlorine. This needs verification, however, by other studies on larger populations. These observations may reflect the relatively low current levels of exposure, and may also indicate that the earlier exposures had not produced significant disease.
